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7UDQVSRUW5HVHDUFK$UHQD±(XURSH
&2HPLVVLRQUHGXFWLRQE\H[SORLWDWLRQRIUROOLQJUHVLVWDQFH
PRGHOOLQJRISDYHPHQWV
%MDUQH6FKPLGWDDQG-HSSH&'\UHE

D'DQLVK5RDG'LUHFWRUDWH*XOGDOGHUHQ'.+HGHKXVHQH'HQPDUN
E'15)FHQWUH´*ODVVDQG7LPH´5RVNLOGH8QLYHUVLW\3RVWERNV'.5RVNLOGH'HQPDUN
$EVWUDFW
$SSUR[LPDWHO\RQHWKLUGRIWKH'DQLVK&2HPLVVLRQVFRPHIURPWKHWUDQVSRUWVHFWRUZKHUHRILVUHODWHGWRURDG
WUDQVSRUWHPLVVLRQ$UHGXFWLRQRIWKHIXHOFRQVXPSWLRQE\DSSUR[LPDWHO\RQWKHURDGLQIUDVWUXFWXUHZLOOUHVXOW
LQPLOOLRQOLWUHVRIVDYHGIXHODQGWRQVOHVVJUHHQKRXVHJDVHVSHU\HDU(QHUJ\VDYLQJURDGSDYHPHQWVZLOO
WKHUHIRUHFRQWULEXWHWR'HQPDUN¶VTXRWDLQUHDFKLQJWKHJOREDOFOLPDWLFJRDOV7KH&RRHHSURMHFWDGGUHVVHV&2
HPLVVLRQUHGXFWLRQE\FRQVLGHULQJHQHUJ\HIILFLHQWDQGHQYLURQPHQWDOO\IULHQGO\WUDQVSRUWV\VWHPVDQGPDLQWHQDQFH
RIWKHURDGLQIUDVWUXFWXUH%\GRLQJVRWKH&RRHHFRQVRUWLXPZLOOH[SORLWWKHUHVHDUFKUHVXOWVLQPDQDJHPHQWRIWKH
'DQLVKURDGLQIUDVWUXFWXUH7RFRQWULEXWHWRDVXVWDLQDEOH'DQLVKURDGLQIUDVWUXFWXUHE\UHGXFLQJ&2HPLVVLRQLQD
FRVWHIIHFWLYHPDQQHU&RRHHDGGUHVVHVWKHIROORZLQJ1RYHOSDYHPHQWVZLWKORZUROOLQJUHVLVWDQFH0RGHOVRI
UROOLQJUHVLVWDQFH:HDUDQGDJHLQJRISDYHPHQWV0HDVXUHPHQWVRIUROOLQJUHVLVWDQFH$VVHWPDQDJHPHQW
V\VWHPV7KH&RRHHSURMHFWLVDFROODERUDWLRQEHWZHHQWKH'DQLVK5RDG'LUHFWRUDWH5RVNLOGH8QLYHUVLW\WKH
7HFKQLFDO8QLYHUVLW\RI'HQPDUNDQG1&&5RDGV7KH'DQLVK6WUDWHJLF5HVHDUFK&RXQFLOJUDQWHGLQPLOOLRQ
(85WRWKH&RRHHSURMHFW7KH&RRHHSURMHFWSODQVWRFUHDWHWZRPRGHOV$FRPSUHKHQVLYHPRGHORIWKHFRQWDFW
]RQHEHWZHHQWKHW\UHDQGWKHSDYHPHQWDQGDPRGHOIRUWKHSDYHPHQWPDWHULDO:KHQWKHVHDUHLQSODFH
SHUIRUPDQFHDQGRSWLPL]DWLRQPRGHOVZLOOEHHVWDEOLVKHGDQGLPSOHPHQWHGLQWKH'DQLVKDVVHWPDQDJHPHQWV\VWHP
³YHMPDQGN´7KLVZLOOHQDEOHWKH'DQLVK5RDG'LUHFWRUDWHWRLQFOXGH&2HPLVVLRQDVDSDUDPHWHULQLWVVWUDWHJLF
SODQQLQJDQGPDLQWHQDQFHRIWKH'DQLVKVWDWHURDGV7KLVSDSHUSUHVHQWVWKHRXWOLQHRIWKHSURMHFWLWVH[SHFWHGUHVXOWV
DQGWKHVWDWXV

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI75$

.H\ZRUGVSDYHPHQWV&2HPLVVLRQUROOLQJUHVLVWDQFHZHDUDQGDJHLQJPHDVXUHPHQWVDVVHWPDQDJHPHQW



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 ,QWURGXFWLRQ
7KH&RRHHSURMHFWVFKHGXOHG WRUXQRYHU IRXU\HDUV  IRFXVHVRQHVWDEOLVKLQJ WKHVFLHQWLILF
EDFNJURXQGIRUQRYHOSDYHPHQWW\SHVDQGDVVHWPDQDJHPHQWVROXWLRQVWKDWPLQLPLVHWKHUROOLQJUHVLVWDQFH
IRUFDUVDQGWUXFNVWKHSXUSRVHEHLQJWRUHGXFH&2HPLVVLRQIURPWKHWUDQVSRUWVHFWRU,QWKHWRWDO
'DQLVK&2 HPLVVLRQZDV PLOOLRQ WRQV RIZKLFK WKH WUDQVSRUW VHFWRU¶V VKDUHZDV PLOOLRQ WRQ
HYHQ DPLQRU UHGXFWLRQ RI WKH UROOLQJ UHVLVWDQFH OHDGV WR VXEVWDQWLDO HQHUJ\ VDYLQJV DQG&2 HPLVVLRQ
UHGXFWLRQVDVZHOODVWRWKHUHGXFWLRQRIRWKHUSROOXWDQWVFRPLQJIURPURDGWUDQVSRUW7KH&RRHHSURMHFW
ZLOO FRQWULEXWH WR D VXVWDLQDEOH URDG LQIUDVWUXFWXUH E\ LQWHJUDWLRQ RI UROOLQJ UHVLVWDQFH PRGHOOLQJ LQ
SDYHPHQW PDLQWHQDQFH V\VWHPV 7KH SURMHFW LV DPELWLRXV DQG WUXO\ LQWHUGLVFLSOLQDU\ VWUHWFKLQJ IURP
IXQGDPHQWDO FRQGHQVHGPDWWHU SK\VLFV RYHU WKH VFLHQFH EHKLQGPHDVXUHPHQW DQGPRGHOOLQJ RI UROOLQJ
UHVLVWDQFHDQGQHZSDYHPHQWW\SHVWRLPSOHPHQWDWLRQYLDDVVHWPDQDJHPHQWV\VWHPV
7KH SURMHFW¶V IRFXV LV RQ UHGXFLQJ WKH UROOLQJ UHVLVWDQFH EXW LW LV VFLHQWLILFDOO\ ZHOO HVWDEOLVKHG WKDW
SDYHPHQWVZLWKORZUROOLQJUHVLVWDQFHDUHDOVROHVVQRLV\UHIWKXVWKH&RRHHSURMHFWFRQWULEXWHVWRWKH
FUHDWLRQRIDQRYHUDOOPRUHHQYLURQPHQWDOO\IULHQGO\URDGLQIUDVWUXFWXUH
2QH RI WKH LPSRUWDQW LVVXHV WR KDQGOH LV WKH SDYHPHQWPDWHULDO DQG LWV EHKDYLRXU WRZHDU DQG DJHLQJ
%HFDXVHDVSKDOWLVDYLVFRXVPDWHULDOLWLVFRQVLGHUHGSRVVLEOHWRXVHWKHPRVWUHFHQWUHVHDUFKUHVXOWVIURP
YLVFRXVOLTXLGSK\VLFVLQGHVFULELQJDJHLQJDQGZHDURISDYHPHQWV,QRUGHUWRDUULYHDWDFRPSUHKHQVLYH
PRGHOOLQJ RI SDYHPHQW SURSHUWLHV UHVHDUFK LQWR QHZPHDVXUHPHQW WHFKQLTXHV ZLOO EH FRQGXFWHG 7KH
UHVXOWVRIWKHSURMHFWZLOOEHLQFRUSRUDWHGLQWRH[LVWLQJPDLQWHQDQFHV\VWHPV
'XHWRWKHIDFWWKDW3&&RUFRQFUHWHURDGVDUHYHU\UDUHO\XVHGLQ'HQPDUNLWKDVEHHQGHFLGHGWROLPLW
WKH&RRHHSURMHFWWRDVSKDOWPDWHULDOV)RUH[DPSOHWKHWRWDODPRXQWRIPRWRUZD\VLQ'HQPDUNZLWK
FRQFUHWHSDYHPHQWVFRQVLVWVRI±NPRXWRIWKHNPRIVWDWHURDGV
,QWHUQDWLRQDOO\WKHGLIIHUHQFHEHWZHHQWUXFNW\UHVDQGSDVVHQJHUW\UHVLVGLVFXVVHGDFWLYHO\7KH&RRHH
SURMHFWGRHVQRWGLVWLQJXLVKHGEHWZHHQWUXFNW\UHVDQGFDUW\SHVEXWWKHSURMHFWSDUWQHUVDUHDZDUHRIWKH
IDFWWKDWWKHODUJHGLIIHUHQFHVEHWZHHQWKHWZRW\UHW\SHVVL]HVDQGFRPSRXQGVPD\FDOOIRUGLIIHUHQW
DSSURDFKHVIRUWKHRSWLPLVDWLRQRIUROOLQJUHVLVWDQFHSURSHUWLHV

 &RRHHVWUXFWXUH

7KH&RRHHSURMHFWDGGUHVVHVWKHIROORZLQJILYHPDLQVXEMHFWV7KHSXUSRVHRIWKLVVWUXFWXUHLVWRGHYHORS
DQGIXWXUHSURRI'DQLVKURDGLQIUDVWUXFWXUHV\VWHPVE\UHGXFLQJ&2HPLVVLRQLQDFRVWHIIHFWLYHPDQQHU

 1RYHOSDYHPHQWV
 0RGHOVRIUROOLQJUHVLVWDQFH
 :HDUDQGDJHLQJRISDYHPHQWV
 0HDVXUHPHQWVRIUROOLQJUHVLVWDQFH
 $VVHWPDQDJHPHQWV\VWHPV

%HORZZHEULHIO\UHYLHZWKHREMHFWLYHVRIHDFKRIWKHILYHVXESURMHFWV


 1RYHOSDYHPHQWV

$ NH\ UHVHDUFK REMHFWLYH RI WKLV HIIRUW LV WKH FUHDWLRQ RI HQYLURQPHQWDO IULHQGO\ SDYHPHQW PDWHULDOV
ZKLFK SURYLGH VDIHW\ DQG DUH HFRQRPLFDOO\ IHDVLEOH 7KH SXUSRVH LV WR GHYHORS VXVWDLQDEOH DVSKDOW
SDYHPHQWV7KHUHVHDUFKDLPVDWGHYHORSLQJQHZDVSKDOWPDWHULDOVWKDWDUHDEOHWRUHVLVWWKHLQIOXHQFHRI
PHFKDQLFDODQGHQYLURQPHQWDOZHDUDQGSURYLGHORZUROOLQJUHVLVWDQFHZLWKRXWMHRSDUGLVLQJIXQGDPHQWDO
UHTXLUHPHQWVVXFKDVWUDIILFVDIHW\DQGVWUXFWXUDOSURSHUWLHV
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
)LJXUH7KLQDQGSODQHVHFWLRQVIURPDQDVSKDOWFRUH

:KHQ LQLWLDWLQJ IXQGDPHQWDO UHVHDUFK LW LV LPSRUWDQW WR HVWDEOLVK D SODWIRUP DV D VWDUWLQJ SRLQW 7KH
SODWIRUP IRU WKH SRWHQWLDO PDWHULDOV WR EH VWXGLHG LQ WKH QRYHO SDYHPHQW VXESURMHFW LV EDVHG RQ WKH
IROORZLQJJXLGLQJSULQFLSOHV)LUVWDQGIRUHPRVWLWLVEHOLHYHGWKDWDSDYHPHQWZLWKORZUROOLQJUHVLVWDQFH
VKDOOFRQVLVWRIVPDOODJJUHJDWHJUDLQVL]HVLQWKHRUGHURI±PP+RZHYHURQHWKLQJLV WRFUHDWHD
SDYHPHQW ZLWK DQ LQLWLDO ORZ UROOLQJ UHVLVWDQFH ZKLFK SURYLGHV VXIILFLHQW W\UHURDG JULS DQG QRLVH
UHGXFWLRQHWFWKHFKDOOHQJHLVWRFUHDWHDURDGSDYHPHQWWKDWNHHSVWKHVHIXQFWLRQDOLWLHVLQLWVHQWLUHOLIH
WLPH7KLV UHTXLUHVD VWDEOHJUDLQ VL]HGLVWULEXWLRQDQGDYHU\ VWURQJDJHLQJ UHVLVWDQWPRUWDU ILOOHUDQG
ELWXPHQPL[7KH&RRHHSURMHFWUHJDUGVWKHIROORZLQJSDUDPHWHUVDVYLWDOIRUSURGXFLQJDORQJOLIHORZ
UROOLQJUHVLVWDQFHSDYHPHQW

x *UDGDWLRQFXUYH
x 0RUWDUFRPSRVLWLRQ
x )LOOHUW\SH
x $JJUHJDWHPDWHULDO!PP
x %LWXPHQW\SHDQGTXDOLW\

7KHLQLWLDOUHFRPPHQGDWLRQVDUHDVSKDOWSURGXFWVZLWKDJJUHJDWHVVL]HVDQG

7KH PRUWDU SDUW LV MXVW DV LPSRUWDQW DV WKH DJJUHJDWH SDUW EHFDXVH WKH TXDOLW\ RI WKH PRUWDU LV D
GHWHUPLQLQJ IDFWRU IRU WKH VWDELOLW\ RI WKH DVSKDOW SURGXFW ZKLFK HOLPLQDWHV GHIRUPDWLRQ 7KH PRUWDU
TXDOLW\LVDOVRDQLPSRUWDQWIDFWRUIRUREWDLQLQJDVWDEOHSDYHPHQWVXUIDFHVWUXFWXUH7KLVPHDQVWKDWWKH
ERQGLQJ EHWZHHQ PRUWDU DQG DJJUHJDWH DUH VWURQJ DQG SUHYHQWV UDYHOOLQJ DQG VWRQH ORVV 6HFRQGO\
VSHFLILFUHTXLUHPHQWVIRUWKHDJJUHJDWHVWUHQJWKPXVWEHGHILQHGWRSUHYHQWDJJUHJDWHSROLVK
7KHIXQFWLRQDOLW\RIWKHDVSKDOWE\XVLQJVPDOODJJUHJDWHVL]HVDQGWKHUHTXLUHPHQWVIRUWKHPRUWDUPXVW
VRPHKRZEHHYDOXDWHGVXIILFLHQWO\EHIRUHWKLQNLQJRIHVWDEOLVKHGDFWXDOWHVWVHFWLRQV7UDGLWLRQDO
ODERUDWRU\LQYHVWLJDWLRQVDQGDQDO\VLVZLOOWKHUHIRUHEHXVHGWRLQYHVWLJDWHWKHTXDOLW\RIWKHPL[
+RZHYHUDVLWLVRIRXWPRVWLPSRUWDQFHWRVHFXUHDFRUUHFWDJJUHJDWHGLVWULEXWLRQZLWKLQWKHQHZ
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     &\FOHVP
3RZHUVSHFWUDODQDO\VLV RIWKUHHDVSKDOWFRUHV
VDPSOH
VDPSOH
VDPSOH
SDYHPHQWW\SHYLVXDODQGPLFURVFRSLFHYDOXDWLRQRIWKHDVSKDOWZLOOEHXVHGXVLQJSODQVHFWLRQDQGWKLQ
VHFWLRQDQDO\VLVILJXUHUHI
)XUWKHUPRUHLWPXVWEHFRQVLGHUHGKRZUROOLQJUHVLVWDQFHFDQEHPHDVXUHGDQGMXVWLILHGRQODERUDWRU\
VDPSOHV3RVVLELOLWLHVDUHWRPHDVXUHSDYHPHQWWH[WXUHE\XVLQJODVHUWHFKQRORJ\7KLVUHTXLUHVDUHOLDEOH
FRUUHODWLRQEHWZHHQWH[WXUHDQGUROOLQJUHVLVWDQFHZKLFKSUHVHQWO\GRHVQRWH[LVWV
([SHULHQFHVIRUUHODWLQJWH[WXUHWRRWKHUIXQFWLRQDOSURSHUWLHVRISDYHPHQWVVXFKDVQRLVHDQGIULFWLRQ
KDYHVKRZQWKDWLWFDQEHGLIILFXOWWRREWDLQWKHQHHGHGDQGQHFHVVDU\UHODWLRQVKLSV

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
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






)LJXUH3RZHUVSHFWUDOGHQVLW\RIWKUHHGLIIHUHQWDVSKDOWVXUIDFHVUHI 

,Q ILJXUH WKH FRPSOH[LW\RI SDYHPHQW WH[WXUH LV LOOXVWUDWHG E\ FDOFXODWLQJ WKHSRZHU VSHFWUDO GHQVLW\
36'RIWKHWH[WXUHSURILOHIRUWKUHHGLIIHUHQWDVSKDOWSDYHPHQWV7KHILJXUHFOHDUO\VKRZVDUDQNLQJRI
WKHWKUHHVDPSOHVZKHQORRNLQJDWWKHWH[WXUHSURSHUWLHVLQWKHKLJKWH[WXUHF\FOHVSUPHWHU,WLV
DOVRLQWHUHVWLQJWRQRWLFHWKDWWKHUDQNLQJFKDQJHVZKHQPRYLQJXSLQIUHTXHQF\!F\FOHVSUPHWHUV
PRYLQJ GRZQ LQ WH[WXUH VL]H 2QH RI WKH IXQGDPHQWDO TXHVWLRQV WR EH DQVZHUHG LV ZKDW SDUW RU ZKDW
FRPELQDWLRQRIWH[WXUHKDVDQLQIOXHQFHRQUROOLQJUHVLVWDQFH7KHLGHDLVWKDWLIWH[WXUHFDQEHRSWLPLVHG
E\ D WH[WXUH ILQJHUSULQW DV SURYLGHG E\ 36' LW EHFRPHV SRVVLEOH WR FRQVWUXFW WKH PRVW DSSURSULDWH
SDYHPHQWIRUUROOLQJUHVLVWDQFHVWLOOEHDULQJLQPLQGWKDWRWKHUIXQFWLRQDOLWLHVVXFKDVIULFWLRQDQGQRLVH
DUHNHSWDVZHOO


 0RGHOVRIUROOLQJUHVLVWDQFH

7KHREMHFWLYHRIWKLVVXESURMHFWLVWRSHUIRUPVWUDWHJLFUHVHDUFKLQWRLQYHVWLJDWLQJWKHPDLQSK\VLFVLQWKH
FRQWDFW]RQHEHWZHHQWKHW\UHDQGSDYHPHQWVXUIDFH7KHIXQGDPHQWDOVRIW\UHDQGSDYHPHQWK\VWHUHVLV
ZKLFKGHSHQGVRQW\UHKDUGQHVVW\UHWUHDGSDWWHUQSDYHPHQWWH[WXUHDQGSDYHPHQWVWUXFWXUHDQGIRUFHV
DFWLQJLQWKHW\UHSDYHPHQW]RQHZLOOEHSDUWRIDFRPSUHKHQVLYHPRGHOWREHGHYHORSHG7KHPRGHOZLOO
FRPELQH WKH VWUXFWXUHV DW WKH PROHFXODU OHYHO ZLWK WKRVH DW V\VWHP OHYHO LQ RUGHU WR RSWLPLVH WKH
SDUDPHWHUVLQIOXHQFLQJUROOLQJUHVLVWDQFH7KHUHVHDUFKZLOOLQFOXGHERWKQHZDQGZRUQW\UHVEHFDXVHWKH
W\UHSURSHUWLHV FKDQJHVGXH WRZHDU DQG DJH ,W LV DVVXPHG WKDW WKHRYHUDOO HPLWWHG&2 IURP WKH URDG
WUDQVSRUW LVQRW OLQHDUO\UHODWHG WR UROOLQJUHVLVWDQFHEXWKLJKO\GHSHQGHQWRQYHKLFOH IOHHW LWV W\SHDJH
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DQG FRQGLWLRQ VR WKH FRPSUHKHQVLYH PRGHO ZLOO LQFOXGH YHKLFOH EHKDYLRXU HIIHFW RQ WKH W\UHURDG
LQWHUDFWLRQ

7KLVSURMHFWDWWHPSWVWRSURYLGHDQVZHUVWR
x :KDWSDUDPHWHUVVKRXOGEHPHDVXUHGDQGZLWKZKLFKDFFXUDF\DQGSUHFLVLRQ7KLVLQFOXGHVLQIODWLRQ
SUHVVXUHW\UHW\SHVGLDPHWHUVDQGZLGWKDQGORDGLQJUDQJHRIWKHW\UH
x :KDWDUHWKHLPSRUWDQFHRIDLUW\UHDQGVXUIDFHWHPSHUDWXUHVHQVLWLYLW\DQGWKHLQIOXHQFHRIPHJD
WH[WXUHRQWKH55
x +RZWRGHVLJQDFRPSUHKHQVLYHPDWKHPDWLFDOPRGHOWKDWLQFOXGHVDOOYDULDEOHVRIPRUHWKDQPLQRU
LPSRUWDQFHRQWKH55

,QRUGHUWRPDNHVROLGRSWLPLVDWLRQDQGXVHUFRVWPRGHOVLWLVLPSRUWDQWWRPRGHOIXHOFRQVXPSWLRQLQ
UHODWLRQWRSDYHPHQWSURSHUWLHV7KHUHIRUHDIXHOFRQVXPSWLRQPRGHOZLOOEHGHYHORSHG7KLVPRGHO
VKRXOGLQFOXGHDQXPEHURIGLIIHUHQWYHKLFOHW\SHVDQGLQFOXGHQHZW\UHVDQGZRUQW\UHVGXHWRFKDQJHV
LQW\UHSURSHUWLHVIURPZHDUDQGDJH
%HFDXVHWKHRYHUDOOHPLWWHG&2DPRXQWLVQRWOLQHDUO\UHODWHGWRUROOLQJUHVLVWDQFHDQGLVKLJKO\
GHSHQGHQWRQYHKLFOHW\SHDJHDQGFRQGLWLRQWKHIXHOFRQVXPSWLRQPRGHOZLOOLQFOXGHYHKLFOHEHKDYLRXU
HIIHFWRQWKHW\UHURDGLQWHUDFWLRQ
7KHPRGHOOLQJZLOOFRQVLVWRIDQXPEHURIIXHOFRQVXPSWLRQPRGHOVRIYDU\LQJFRPSOH[LW\3DUDPHWHU
HVWLPDWLRQWHFKQLTXHVLQSDUWLFXODU)XQFWLRQDO'DWD$QDO\VLVZLOOEHXVHGLQRUGHUWRUHODWHWKHPRGHOVWR
GDWD
)XQGDPHQWDOSK\VLFVRIWKHSDYHPHQWDQGW\UHLQFOXGLQJW\UHDQGSDYHPHQWK\VWHUHVLVGHSHQGLQJRQW\UH
KDUGQHVVW\UHWUHDGSDWWHUQSDYHPHQWWH[WXUHDQGSDYHPHQWHYHQQHVVDQGIRUFHVDFWLQJZLWKLQWKHW\UH
SDYHPHQW]RQHZLOOEHXVHGDVWKHEDVLVIRUWKHPRGHOOLQJRIUROOLQJUHVLVWDQFH:HDQWLFLSDWHDVHULHVRI
PRGHOVRILQFUHDVLQJFRPSOH[LW\$VIDUDVSRVVLEOHWKHPRGHOVZLOOEHEDVHGRQILUVWSULQFLSOHV
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)LJXUH,QWHUDFWLRQEHWZHHQSDYHPHQWDQGYHKLFOH
316   Bjarne Schmidt and Jeppe C. Dyre /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  311 – 320 
 
 
 
 





                 
7H
[WX
USU
RIL
OP
P
O  Q J G H   P P 








                 
WH[
WXU
SUR
ILO
P
P
O  Q J G H   P P 
)LJXUHVKRZVWKHGLIIHUHQWSDUDPHWHUVLQWHUDFWLQJEHWZHHQYHKLFOHDQGSDYHPHQW5ROOLQJUHVLVWDQFHLV
RQHRIWKHPDQGIURPWKHSURMHFWVSRLQWLWZLOOIRFXVRQSDYHPHQWWH[WXUHDQGSDUWO\RQVWUXFWXUDO
SURSHUWLHVDQGSHUIRUPDQFH7KHUHDUHVHYHUDOGLVFXVVLRQVRQWKHLQIOXHQFHRIVWUXFWXUDOFRQGLWLRQRQ
UROOLQJUHVLVWDQFH,Q'HQPDUNZKHUHWKHUROOLQJUHVLVWDQFHLVVXHLVWREHLPSOHPHQWHGRQPRWRUZD\VDQG
DUWHULDOPDLQURDGVWKHLQIOXHQFHLVFRQVLGHUHGPDUJLQDOVPDOOFRPSDUHGWRWKHWH[WXUHLQIOXHQFH7KLVLV
GRFXPHQWHGLQUHI
7KH(8SURMHFWµ7<526$)(¶UHIUHSRUWVWKDWWKHSUHGRPLQDQWVXUIDFHWH[WXUHVWKDWLQIOXHQFHUROOLQJ
UHVLVWDQFHDUHPDFURDQGPHJDWH[WXUH,WLVNQRZQWKDWGHIRUPDWLRQRIWKHW\UHLVFDXVHGE\YDULDWLRQLQ
WKHVH WZR WH[WXUH OHYHOV ZKLFK OHDGV WR HQHUJ\ ORVV DQG WKHUHIRUH DQ LQFUHDVH LQ UROOLQJ UHVLVWDQFH
$OWKRXJKPXFKZRUNKDVEHHQSXWLQWRZKDWLQIOXHQFHVUROOLQJUHVLVWDQFHWKHUHDUHVWLOOVLJQLILFDQWJDSV
RINQRZOHGJHZLWKUHJDUGVWRWKHLQIOXHQFHRIURDGVXUIDFHSDUDPHWHUV
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
)LJXUH5RDGSDYHPHQWZLWKGHQVHDVSKDOW)LJXUH5RDGSDYHPHQWZLWKFRDUVH
 VXUIDFHGUHVVLQJ

$VLOOXVWUDWHGLQILJXUHDQGURDGSDYHPHQWVFDQKDYHVLJQLILFDQWGLIIHUHQWWH[WXUHSURILOHVZKLFKKDYH
GLIIHUHQWLPSDFWRQWKHHQHUJ\ORVVDQGWKHUHRIUROOLQJUHVLVWDQFH7KHXVHRIODVHUWHFKQRORJ\PDNHVLW
SRVVLEOHWRPHDVXUHWKHWH[WXUHSURILOHYHU\GHWDLOHGLQWKHODERUDWRU\,WLVDQWLFLSDWHGWKDWWKHODERUDWRU\
ODVHUPHDVXUHPHQWVRISDYHPHQWWH[WXUHFDQSOD\DNH\UROHLQWKHZRUNRIPDNLQJDSURSHUDQGFRUUHFW
PRGHOOLQJRIWKHIRUFHVDFWLQJRQWKHW\UHIURPWKHSDYHPHQWWH[WXUH

 :HDUDQGDJHLQJRISDYHPHQWV

7KH FRQGLWLRQ RI URDG SDYHPHQWV FKDQJHV ZLWK WLPH GXH WRPHFKDQLFDO DQG HQYLURQPHQWDO LQIOXHQFHV
7KLVPHDQVWKDWDOWKRXJKWKHUHVHDUFKFRQGXFWHGLQQRYHOSDYHPHQWVZLOOFUHDWHWKHEHVWVROXWLRQIRUORZ
UROOLQJUHVLVWDQFHSDYHPHQWVLWLVLPSRUWDQWWRVWXG\WKHEHKDYLRXURIWKHVHQRYHOSDYHPHQWVLQUHODWLRQWR
ZHDUDQGDJHLQJ$VWKHDJHLQJRISDYHPHQWVDUHGXHWRVHYHUDO\HDUVRIGHWHULRUDWLRQDQGKHQFHEH\RQG
WKHWLPHIUDPHRI&RRHHDFFHOHUDWHGDJHLQJDQGPRGHOOLQJDUHFRQVLGHUHGWREHWKHIXQGDPHQWDOWRROVIRU
UHVHDUFKLQJ WKH WRSLFV7KHPRGHOOLQJRI WKHSDYHPHQWPDWHULDOZLOOXVH WKH ODWHVW ILQGLQJV LQDJHLQJRI
PDWHULDOV 7KH PRGHO ZLOO EH DW WKH PROHFXODU OHYHO EXW WKH VLPXODWHG WLPH IUDPH ZLOO EH \HDUV 7KH
UHVXOWVRIWKLVUHVHDUFKWRSLFZLOOEHPRGHOVWKDWGHVFULEHWKHSHUIRUPDQFHRIQRYHOSDYHPHQWVZLWKWLPH
GHWHULRUDWLRQDQGFUHDWHWKHIXQGDPHQWDONQRZOHGJHIRUHVWDEOLVKLQJSHUIRUPDQFHUHODWHGPRGHOV7KHVH
PRGHOVFDQEHXVHGLQDVVHWPDQDJHPHQWV\VWHPVIRUURDGLQIUDVWUXFWXUHDQGKHQFHSOD\DQLPSRUWDQWUROH
ZKHQSHUIRUPLQJHFRQRPLFDQGHQYLURQPHQWDOIHDVLEOHVROXWLRQIRUPDLQWDLQLQJWKHURDGLQIUDVWUXFWXUH
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n 675,33,1*
&DOVLQDWHG
IOLQW

7KHSURMHFWZLOOVSHFLILFDOO\DGGUHVVZHDUDQGDJHLQJRIDVSKDOWSDYHPHQWVXVLQJFRPSXWHUVLPXODWLRQV
DQG PRGHOOLQJ RQ VHYHUDO OHQJWK DQG WLPH VFDOHV 7KH ILUVW REMHFWLYH LV WR GHILQH D ³&RRHHELWXPHQ´
PROHFXODUPRGHOVXLWDEOHIRUODUJHVFDOHFRPSXWHUVLPXODWLRQVSRVVLEO\LQDIHZGLIIHUHQWYHUVLRQV7KH
PRGHOZLOOEHVWXGLHGE\VLPXODWLQJERWKWKHUPDOHTXLOLEULXPG\QDPLFVDQGDJHLQJ

'HSHQGLQJRQGLVFXVVLRQVEHWZHHQDOOSDUWLFLSDQWVLQWKHVXESURMHFWWKHUHPLJKWEHDIHZGLIIHUHQW&RRHH
ELWXPHQPRGHOVDQGGLIIHUHQWDGGLWLYHVWREHFRQVLGHUHG7KHELWXPHQPRGHOVZLOOEHYDOLGDWHGDJDLQVW
H[SHULPHQWDOUHVXOWVIURPOLWHUDWXUHDQGODERUDWRU\LQYHVWLJDWLRQV

2QHPDMRUWDVNLVWRGHWHUPLQHWKHUHTXLUHGOHYHORIGHWDLOIRUPROHFXODUPRGHOOLQJRIELWXPHQ$ELWXPHQ
PRGHOIURPOLWHUDWXUHZLOOEHLPSOHPHQWHGDQGVLPXODWHGLQRQHRUPRUHFRDUVHJUDLQHGYHUVLRQVXVLQJ
WKH5RVNLOGH8QLYHUVLW\0ROHFXODU'\QDPLFVSDFNDJH UXPGRUJ XVLQJVWDWHRI WKHDUW*38KDUGZDUH
7KHUHVXOWVZLOOEHFRPSDUHGWRWKHRULJLQDODOODWRPYHUVLRQDQGDVXIILFLHQWOHYHORIFRDUVHJUDLQLQJZLOO
EH GHWHUPLQHG 7KH OHYHO RI FRDUVHJUDLQLQJ ZLOO GHWHUPLQH WKH OHQJWK DQG WLPHVFDOHV ZKLFK FDQ EH
DFFHVVHGE\VLPXODWLRQLQWKHUHVWRIWKHVXESURMHFW

,Q WKH VHFRQGVWDJHRI WKH VXESURMHFW WKHELWXPHQPRGHOVZLOOEH VLPXODWHG LQFRQWDFWZLWKDJJUHJDWH
VXUIDFHVPLPLFNLQJWKHFRQGLWLRQVLQSDYHPHQWZLWKDVSHFLDOHPSKDVLVRQZHDUDQGDJHLQJ0HVRVFRSLF
PRGHOOLQJXVLQJILQLWHHOHPHQWPHWKRGRUUHODWHGZLOOEHXVHGWRGHWHUPLQHWKHPHFKDQLFDOVWUHVVHVRQWKH
VXUIDFHV RI GLIIHUHQW SDYHPHQWV 2QH RI WKH LQWHUHVWLQJ TXHVWLRQV WR EH DVNHG LQ WKH ZHDU DQG DJHLQJ
SURMHFWLVKRZGRWKHPRGHOVFRPSDUHWRUHDOLW\"$WRROWKDWZLOOEHXVHGLQWKLVFRQQHFWLRQLVWKHWKLQ
ILOPDQDO\VLVGHYHORSHGE\WKH'DQLVK5RDG'LUHFWRUDWH$VVHHQLQILJXUHUHILWLVQRZSRVVLEOHWR
GHWHFW VWULSSLQJ DQG RWKHU DQRPDOLHV ZLWKLQ WKH FRQWDFW ]RQH EHWZHHQ DJJUHJDWH DQG ELWXPHQ ZKLFK
SURYLGHVYDOXDEOHLQIRUPDWLRQIRUHYDOXDWLQJWKHYDOLGLW\RIWKHUHVXOWIURPWKHPRGHOOLQJSURFHVV
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

)LJXUH'HWHFWLRQRIVWULSSLQJXVLQJWKLQILOPDQDO\VLV

 0HDVXUHPHQWRIUROOLQJUHVLVWDQFH

7KHREMHFWLYHLV WRGHVLJQDQHTXLSPHQW WKDWFDQEHPRXQWHGRQDWUDLOHUZKLFKSK\VLFDOO\UHFRUGVWKH
UROOLQJUHVLVWDQFHRQH[LVWLQJSDYHPHQWVXUIDFHVE\PHDVXULQJWKHYHUWLFDODQGKRUL]RQWDOIRUFHV
$QLPSRUWDQWLVVXHLVWRPHDVXUHDQGTXDQWLI\WKHUROOLQJUHVLVWDQFHSUHIHUDEOHXQGHUG\QDPLFFRQGLWLRQV
LQ RUGHU WR EH DEOH WR PRQLWRU FRPSOHWH URDG LQIUDVWUXFWXUH QHWZRUNV 7KH FRPSUHKHQVLYH PRGHO
HVWDEOLVKHG LQ WKH UHVHDUFK WRSLF ³0RGHOV IRU 5ROOLQJ 5HVLVWDQFH´ ZLOO SURYLGH WKH IXQGDPHQWDOV
FRQFHUQLQJ WKH PDLQ SK\VLFV RI UROOLQJ UHVLVWDQFH DQG JXLGHV WKH FUHDWLRQ RI UHOLDEOH LQVWUXPHQWV IRU
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PHDVXULQJUROOLQJUHVLVWDQFH7KHSRVVLELOLW\RIPHDVXULQJUROOLQJUHVLVWDQFHXQGHUG\QDPLFFRQGLWLRQVLV
YLWDOIRUEHLQJDEOHWRPRQLWRUWUXHFRQGLWLRQVRIURDGLQIUDVWUXFWXUHQHWZRUNVDQGKHQFHDNH\SRLQWIRU
HVWDEOLVKLQJDV\VWHPWKDWFDQVHFXUHDUHGXFWLRQRI&2IURPWKHURDGLQIUDVWUXFWXUH

 $VVHWPDQDJHPHQWV\VWHPV

7KH UHVHDUFK WRSLF ZLOO SURYLGH WRROV IRU DVVHW PDQDJHPHQW WR KDQGOH UROOLQJ UHVLVWDQFH DQG &2
HPLVVLRQV7KHRYHUDOO UHVXOW DQWLFLSDWHG LQ WKHSURMHFW LVD IXOO\ IXQFWLRQLQJDVVHWPDQDJHPHQWV\VWHP
ZKLFKLQFOXGHVWKHRSWLPL]DWLRQRIUHGXFHG&2HPLVVLRQZKHQQHZSDYHPHQWW\SHVDUHLQWURGXFHGDQG
ZKLFK LV FDSDEOHRI GHWHFWLQJ VROXWLRQV IRU DQRSWLPXPPDLQWHQDQFH DQG UHKDELOLWDWLRQ VWUDWHJ\ IRU WKH
URDG LQIUDVWUXFWXUH 7KH LPSOHPHQWDWLRQ RI WHFKQLFDO DQG VRFLRHFRQRPLF PHWKRGRORJLHV LQ DQ DVVHW
PDQDJHPHQW V\VWHP LV D FRPSOH[ WDVN WKHUHIRUH FRVWEHQHILW DQDO\VHV LQFOXGLQJ OLIHWLPH DVVHVVPHQW
SURYLQJWKHSHUFHQWDJHRI&2VDYHGZLOOEHFDUULHGRXWWRUHODWHFRVWVRISDYHPHQWFRQVWUXFWLRQDQGWKH
HIIHFWRIYDULRXVPDLQWHQDQFHVROXWLRQVWRWKHEHQHILWH[SUHVVHGLQOHVV&2HPLVVLRQ
)LUVWRIDOOWKHUHTXLUHPHQWVGHVLJQDQGVSHFLILFDWLRQRIUROOLQJUHVLVWDQFHPRGHOVWREHLPSOHPHQWHGLQWR
WKHDVVHWPDQDJHPHQWV\VWHPVQHHGVWREHGHVFULEHG
7KHGHVLJQRIWKHGHWHULRUDWLRQPRGHOIRUSDYHPHQWVZLWKORZUROOLQJUHVLVWDQFHZLOOEHEDVHGRQWKH
RXWFRPHRIWKHVXESURMHFWLQ&RRHHZHDUDQGDJHLQJRISDYHPHQWVDQGKLVWRULFDOGDWDRIURDGSDYHPHQW
EHKDYLRXURYHUWLPH7KHVHGDWDZLOOEHREWDLQHGIURPWKHURDGGDWDEDQNRIWKH'DQLVK5RDG'LUHFWRUDWH
LQUHODWLRQWRWH[WXUHHYHQQHVVDQGEHDULQJFDSDFLW\LIDYDLODEOH
$QLPSRUWDQWLVVXHLVWKHHIIHFWRQUROOLQJUHVLVWDQFHDQG&2HPLVVLRQE\SHUIRUPLQJPDLQWHQDQFHDQG
UHKDELOLWDWLRQRIH[LVWLQJZHDULQJFRXUVHVXVLQJQHZSDYHPHQWW\SHVZLWKORZUROOLQJUHVLVWDQFH
SURSHUWLHV7KHGHVLJQRIDFDWDORJXHIRUQRYHOSDYHPHQWW\SHVLVLPSRUWDQWLQRUGHUWREHDEOHWRSHUIRUP
FRUUHFWRSWLPL]DWLRQDQGFRVWHIIHFWLYHDQDO\VLV7KHQRYHOSDYHPHQWW\SHFDWDORJXHVKDOOLQFOXGHW\SH
UROOLQJUHVLVWDQFHLQIRUPDWLRQOLIHWLPHDQGSUL]H7KHFDWDORJXHZLOOEHHVWDEOLVKHGLQFRRSHUDWLRQZLWK
VXESURMHFWRQ1RYHOSDYHPHQWV
7KHFRVWEHQHILWDQDO\VLVEDVHGRQ&2HPLVVLRQZLOOEHEDVHGRQWKH1&&SUHVWXG\DQGWKHUHSRUW³7KH
HQHUJ\VDYLQJURDG,PSURYLQJVRFLRHFRQRPLFFRQGLWLRQE\UHGXFLQJUROOLQJUHVLVWDQFH´UHI
$OVRLPSRUWDQW/&$DQDO\VLVLVXQGHUZD\LQWKHLQWHUQDWLRQDO0,5,$0SURMHFWKWWSPLULDPFRQHW
7KHVHVWXGLHVDUHPDLQO\FRQGXFWHGDW8QLYHUVLW\RI&DOLIRUQLD±8&'DYLV,WZLOOEHLQYHVWLJDWHGLI
UHVXOWVIURPWKH8&'DYLVVWXGLHVFDQEHFDOLEUDWHGWRDFFRPPRGDWH'DQLVKFRQGLWLRQVUHI
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
)LJXUH5HODWLRQVKLSEHWZHHQ&2HPLVVLRQIDFWRUDQGPDLQWHQDQFHEXGJHWDUELWUDU\FXUUHQF\
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
7KHRYHUDOOUHVXOWRIWKH&RRHHSURMHFWLVIRUWKH'DQLVK5RDG'LUHFWRUDWHWRIRUHFDVWWKH&2HPLVVLRQ
H[SUHVVHGLQDIDFWRUGHSHQGLQJRQWKHPDLQWHQDQFHDQGFRQVWUXFWLRQEXGJHWDOORFDWHGIRUWKHVWDWHURDG
QHWZRUNSU\HDUDVLOOXVWUDWHGLQILJXUH)LJXUHVKRZVWKDWZLWKDQLQFUHDVHLQEXGJHWDUHGXFWLRQLQ
WKH&2IDFWRULVVHHQDQGKHQFHDUHGXFWLRQLQ&2HPLVVLRQ7KLVPHDQVWKDWDYHU\FOHDUPHVVDJHFDQ
EHVHQGDVWRZKDWEXGJHWQHHGVEHDYDLODEOHIRUWKHDGPLQLVWUDWLRQLQRUGHUWRPHHWDQ\UHTXLUHPHQWRI
UHGXFLQJWKH&2HPLVVLRQ


 5HVXOWVUHODWHGWRVRFLHW\

7KHVLJQLILFDQWFRQWULEXWLRQRIUROOLQJUHVLVWDQFHFRPHVIURPSDYHPHQWURXJKQHVVDQGSDYHPHQW
HYHQQHVVZKHUHDVWKHSDYHPHQWURXJKQHVVSOD\VWKHPRVWLPSRUWDQWUROH7KLVPHDQVWKDWLIDUHGXFWLRQ
RIUROOLQJUHVLVWDQFHDQGKHQFHUHGXFWLRQLQ&2HPLVVLRQVVKDOOEHDFKLHYHGZKLFKZLOOEHWKHRYHUDOO
UHVXOWUHODWHGWRWKHVRFLHW\WKHURDGSDYHPHQWVVKDOOEHRSWLPL]HGLQUHODWLRQWRURXJKQHVVDQGHYHQQHVV
7KHLQWHUQDWLRQDOVRFLHW\RIURDGUHVHDUFKKDVVSHFLILHGUXOHVWKXPEVIRUWKHUHODWLRQVKLSEHWZHHQUROOLQJ
UHVLVWDQFHDQGHJIXHOFRQVXPSWLRQWKDWVD\VWKDWDUHGXFWLRQLQUROOLQJUHVLVWDQFHSURYLGHV
DSSUR[LPDWHO\DUHGXFWLRQLQIXHOFRQVXPSWLRQ,QWHUQDWLRQDOUHVHDUFKDVWKH(XURSHDQIXQGHG
UHVHDUFKSURMHFW(QHUJ\&RQVHUYDWLRQLQ5RDG3DYHPHQW'HVLJQ0DLQWHQDQFHDQG8WLOLVDWLRQUHI
VSHFLILHVWKDWFKDQJHVLQUROOLQJUHVLVWDQFHRIXSWRDQGUHODWHGWRHYHQQHVVDQGURXJKQHVV
UHVSHFWLYHO\VKRXOGEHSRVVLEOHZKHQRSWLPLVLQJRQWKHVHWZRURDGSDYHPHQWSDUDPHWHUV
&RPELQLQJWKHSRWHQWLDOLQUROOLQJUHVLVWDQFHVDYLQJVZLWKWKHUHODWLRQVKLSEHWZHHQUROOLQJUHVLVWDQFHDQG
IXHOFRQVXPSWLRQWKHUHDUHVLJQLILFDQWEHQHILWVVHHQIRUDEHWWHUHQYLURQPHQWE\VLJQLILFDQWUHGXFWLRQVLQ
&2HPLVVLRQV
$UHFHQWLQYHVWLJDWLRQDQDO\VLQJWKHSRWHQWLDORIVDYLQJVRQIXHOFRQVXPSWLRQDQGRQVRFLRHFRQRPLF
DVSHFWVZKHQLQWURGXFLQJSDYHPHQWVZLWKORZUROOLQJUHVLVWDQFHSHUIRUPHGE\WKH'DQLVK5RDG,QVWLWXWH
LQFROODERUDWLRQZLWKWKH'DQLVKFRQVXOWLQJFRPSDQ\1,5$6DQGWKH6FDQGLQDYLDQFRQWUDFWLQJFRPSDQ\
1&&UHIVKRZHGWKDWDUHGXFWLRQRIIXHOFRQVXPSWLRQE\DSSUR[LPDWHO\LVDFKLHYDEOHLIQHZ
URDGSDYHPHQWGHVLJQFRQFHSWVDUHPDGHDYDLODEOHRQWKHPDLQURDGQHWZRUNLQ'HQPDUN
7KHUHVHDUFKSURSRVHGZLWKLQWKH&RRHHSURMHFWLVH[SHFWHGWRJLYHDVLJQLILFDQWFRQWULEXWLRQWRDFKLHYLQJ
WKLVJRDO
 &RQFOXGLQJUHPDUNV

7KH&RRHH SURMHFW¶V DLP RI GHVLJQLQJ D GHYLFH IRUPHDVXULQJ UROOLQJ UHVLVWDQFH LV DVVRFLDWHGZLWK WKH
JHQHUDO LPSUHVVLRQ WKDW WKH H[LVWLQJ GHYLFHV KDYH D UDWKHU ORZ SUHFLVLRQ ,I WKH LQFOXVLRQ RI UROOLQJ
UHVLVWDQFH DQG IXHO FRQVXPSWLRQ LQ DVVHW PDQDJHPHQW V\VWHPV VKDOO KDYH DQ\ IRUP RI YDOLGLW\ LW LV
LPSRUWDQW WR KDYH FRUUHFW DQG SUHFLVH GDWD RI UROOLQJ UHVLVWDQFH 7KLV ZLOO UHVXOW LQ D UREXVW WRRO IRU
KDQGOLQJ&2HPLVVLRQLQURDGLQIUDVWUXFWXUHDVVHWPDQDJHPHQWV\VWHPV
7KH JHQHUDO LPSUHVVLRQ LV WKDW SDYHPHQW PDWHULDOV DUH QRW UHVLVWDQW WR WKH LQIOXHQFH RI ZHDU DQG
HQYLURQPHQW LI ZH ORRN DW WUDGLWLRQDO ZD\ RI TXDQWLI\LQJ SDYHPHQW EHKDYLRXU +RZHYHU LI WKH URDG
WUDQVSRUW VHFWRU LV WR SURYLGH VHUYLFHV RQ DOO DVSHFWV LQ WKH IXWXUH VXFK DV WUDIILF VDIHW\ HQYLURQPHQWDO
LPSDFWV DQG FRPIRUW WDNLQJ LQFUHDVLQJ WUDQVSRUW QHHGV LQWR DFFRXQW LW LV WLPH WR ORRN IRUZDUG 7KH
PLFURVWUXFWXUHPRGHOOLQJ WR EH SHUIRUPHGZLWKLQ WKH&RRHH SURMHFW RSHQV XS QHZ SRVVLELOLWLHV IRU WKH
GHVLJQ RI SDYHPHQWV DQG IRU XQGHUVWDQGLQJ WKH PHFKDQLVP EHKLQG GHWHULRUDWLRQ ,I VXFFHVVIXO WKH
LQIRUPDWLRQ DQG UHVXOWV SURYLGHG E\ &RRHH ZLOO GHILQLWHO\ EHQHILW WKH LQWHUQDWLRQDO URDG WUDQVSRUW
FRPPXQLW\
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